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AZEOTROPES OF HF AND PROCESS FOR THE
SEPARATION OF HF VIA AZEOTROPIC
DISTILLATION

This is a continuation of application Ser. No.
07/226,737, filed Aug. 1, 1988, now U.S. Pat. No.
4,944,846,

FIELD OF INVENTION

Process for the separation of hydrogen fluoride (HF),
2,2-dichloro-1,1,1-trifluoroethane (FC-123), and/or 2-
chloro-1,1,1,2-tetrafluoroethane (FC-124) from mix-
tures comprising them by azetropic distillation.

BACKGROUND OF THE INVENTION

The efficient utilization of HF is important from both
economic and process operability viewpoints. Tech-
niques to effect the separation and recovery of HF from
fluorocarbon process streams have been disclosed.

U.S. Pat. No. 2,450,415 discloses the use of a continu-
ous separation zone to separate an organic phase from
HF and then recycling the latter to the reactor feed
system.

U.S. Pat. No. 3,406,099 discloses an azeotropic sys-
tem useful for separation of CF3COCF;, HF or
CCLLFCCIF; from mixtures containing one or more of
these materials.

U.S. Pat. No. 3,873,629 discloses a continuous pro-
cess for separating mixtures of HF and CICHF; by
countercurrent contact of a gaseous mixture of the two
components with H2SO4.

U.S. Pat. No. 3,947,558 discloses a process for the
separation of HF from the reaction products generated
by fluorinating a 1-3 carbon chiorinated hydrocarbon
by first separating HCI, followed by cooling to form an
HF-rich layer and a substantially HCl-free organic
layer. This latter layer is mixed with a liquid 2 to 8
carbon glycol; after which an HF enriched glycol layer
is separated from the halocarbon layer. HF is recovered
from the glycol by distillation.

U.S. Pat. No. 3,976,447 discloses the separation of HF
from gaseous mixtures by treatment with dry particles
of CaCly, BaCl,, or SrCl,, after which the HF is de-
sorbed. '

U.S. Pat. No. 4,209,470 discloses a process for the
separation of HF from its liquid mixtures with 1-chloro-
1,1-difluoroethane by adding an auxiliary solvent to
enhance the HF composition of a liquid inorganic phase
in a decanter. The HF is then separated from the inor-
ganic phase by distillation.

EP 98,341 discloses a process for the separation of
HF and l-chloro-1,1-difluoroethane which does not
require an auxiliary solvent even though the feed stream
to the decanter contains pentafluorobutane which the
disclosure states should contribute to the mutual solubil-
ity of HF and 1-chloro-1,1-difluoroethane; and there-
fore, should hinder a phase separation process. The
separation is done without the use of auxiliary solvents
by avoiding contamination and exercising good temper-
ature control.

The need to produce alternate fluorocarbons useful as
refrigerants and blowing agents or as intermediates in
the production of other fluorocarbons useful as refriger-
ants and blowing agents has spurred an interest in pro-
cesses for the preparation of FC-123 and FC-124. These
are useful themselves as blowing agents, refrigerants
and intermediates in the preparation of 1,1,1,2-tetra-
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2
fluoroethane (FC-134a), a highly useful fluorocarbon
refrigerant. .

One process for the preparation of FC-123 and FC-
124, described in commonly assigned application Ser.
No. 070,826, filed Jul. 7, 1987, involves vapor phase
hydrofluorination of halogenated alkenes with excess
HF. This process produces a reaction mixture effluent
consisting essentially of HF, FC-123, FC-124, tetrachlo-
roethylene, HCI, and minor (less than 5 mole percent)
amounts of other halogenated products such as 1,2,2-tri-
chloro-1,1-difluoroethane (FC-122) and pentafluoroe-
thane (FC-125). To maximize process efficiency it is
desirable. to recycle HF, FC-122, tetrachloroethylene,
and a portion of the FC-123 to the synthesis reactor. It
is particularly desirable to separate excess HF from the
organic components of the reaction mixture effluent.
This invention provides for a mechanism to accomplish
this by controlling the ratio of HF/FC-123 in the mix-
ture followed by azeotropic distillation.

SUMMARY OF THE INVENTION

The present invention provides a process for the
separation of hydrogen fluoride (HF), 2,2-dichloro-
1,1,1-trifluoroethane (FC-123), and/or 2-chloro-1,1,1,2-
tetrafluoroethane (FC-124) from an initial mixture com-
prising HF, FC-123 and/or FC-124 by (1) ensuring that
the molar ratio of HF/FC-123 in the initial mixture is
less than or equal to 1.3, (2) passing the mixture of (1)
through a distillation column to form a mixture of low-
boiling azeotropes comprising substantially all the HF
and all the FC-124 in the initial mixture (3) removing
the mixtures of azeotropes from the top of the distilla-
tion column while the bottom of the distillation column
is maintained at sufficient temperature and pressure,
preferably by removal of FC-123, substantially free of
HF, from the bottom of the distillation column.

The mixture of low-boiling azeotropes formed in
accordance with this invention consists essentially of an
azeotrope of HF and FC-123 and an azeotrope of HF
and FC-124. A portion of the mixture of azeotropes may
be in the form of a ternary azeotrope.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a schematic flow diagram of the process of
the invention.

DETAILS OF THE INVENTION

While the initial mixture treated in accordance with
the instant invention can be obtained from a variety of
source, an advantageous use of the instant invention
resides in treating the effluent mixture from the prepara-
tion of FC-123 and FC-124 by reaction of tetrachloro-
ethylene with excess HF, so that products from the
reaction can be withdrawn or recycled as desired. The
effluent mixture from this reaction generally consists
essentially of HF, FC-123, FC-124, tetrachloroethylene,
HC], and minor amounts, i.e., less than 5 mole %, of
other halogenated products, such as 1,2,2-trichloro-
1,1, difluorocthane (FC-122) and pentafluoroethane
(FC-125). Generally the reaction effuents have a molar
ratio of HF/FC-123 from about 0.5/1 to 20/1, and, most
commonly at least 1.5/1. Consequently, in most cases
FC-123 is added to reaction effluent to bring the
HF/FC-123 molar ratio to 1.3/1 to less. The preferred
HF/FC-123 molar ratio is from 0.8/1 to 1.3/1 to
achieve maximum benefit from the instant process.

When the initial mixture treated in accordance with
the invention also contains HC] and/or tetrachloroeth-
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ylene, the HCI can be removed from the top of the
distillation column and the tetrachloroethylene can be
removed from the bottom of the distillation column.
Minor amounts of other halogenated products which
may also be present in the mixture can be removed from
either the top or the bottom of the distillation column
depending upon their boiling points. The FC-123 is
recoverable from the bottom of the column and higher
boiling components are recyclable to the fluorination
reaction, if desired. In practice, the mixture of low-boil-
ing azeotropes will contain a portion of the initial FC-
123 content and substantially all of the initial FC-124
content, if present. The mixture of low-boiling azeo-
tropes will also contain substantially all of the HF and
all of the FC-125 content, if present, of the initial mix-
ture.

Applicants have found that azeotropes are formed at
a variety of temperatures and pressures. At 2.50 MPa
pressure and 122.6° C. applicants calculated that HF
and FC-123 form an azeotrope consisting essentially of
42.4 mole percent (84.9 weight percent) FC-123 and
57.6 mole percent (15.1 weight percent) HF. At 2.50
MPa and 95.7° C. applicants calculated that HF and
FC-124 form an azeotrope consisting essentially of 70.6
mole percent (94.2 weight percent) FC-124 and 29.4
mole percent (5.8 weight percent) HF. Azeotrope can
range in composition from about 38.9 mole percent
(83.0 weight percent) FC-123 and 61.1 mole percent
(17.0 weight percent) HF at about 5° C. and about 0.10
MPa, to about 42.7 mole percent (85.1 weight percent)
FC-123 and 57.3 mole percent (14.9 weight percent) HF
at about 150° C. and 4.0 MPa, for one azeotrope, and
from about 76.8 mole percent (95.8 weight percent)

FC-124 and about 23.2 mole percent (4.2 weight per-

cent) of HF at about —17° C. and about 0.10 MPa, to
about 69.9 mole percent (94.1 weight percent) FC-124
and about 30.1 mole percent (5.9 weight percent) HF at
about 122° C. and 4.0 MPa, for another azeotrope.

Applicants have discovered that azeotropic distilla-
tion of a feed mixture may be accomplished in accor-
dance with their invention by careful control of the
ratio of HF/FC-123 in the feed mixture and by control
of the distillation column temperature via withdrawal of
FC-123 from the bottom of the distillation column.
Sufficient FC-123 is removed from the bottom of the
distillation column to maintain a temperature preferably
from about 50° C. to about 300° C. and a pressure from
about 0.10 MPa to about 4.0 MPa at the bottom of the
distillation column.

FIG. 1is illustrative of one method of practicing this
invention. Referring to FIG. 1, a feed mixture 1 is
passed directly to a multiple plate distillation column 4,
providing the HF/FC-123 molar ratio in the feed mix-
ture is less than about 1.3/1..Generally reaction efflu-
ents exhibit a molar ratio of HF-FC-123 from 0.5/1 to
about 20/1 and most commonly well above 1.5/1. If the
molar ratio of HF/FC-123 is greater than about 1.3/1,
additionally FC-123 2 is fed to the feed mixture 1 to
form column feed 3 having an HF/FC-123 molar ratio
between about 0.8/1 and about 1.3/1 which is then
passed to the multiple plate distillation column 4, which
should be maintained at a bottom temperature from
about 50° C. to about 300° C., and more preferably from
125° C. to0 210" C,, and a pressure from about 0.10 MPa
to about 4.0 MPa, and more preferably from 1.5 MPa to
2.5 MPa. When tetrachloroethylene is present in the
feed mixture 1, a bottom temperature of 125° C. to 210°
C. and a pressure of 1.5 MPa to 2.5 MPa are preferred.
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4
Azeotropes of HF and FC-123, and of HF and FC-124
as well as HCI and trace amounts of halogenated prod-
ucts, such as FC-125, are removed from the top of the
column 4 at from about 0° C. to about 150° C,, prefera-
bly 75° C. to 125° C. and at from about 0.10 MPa to 4.0
MPa, preferably 1.5 MPa to 2.5 MPa, and passed to
condenser 5 where they can be recovered as products 6
or recycled as desired. Tetrachloroethylene, any FC-
123 not taken overhead in azeotrope formation, and
minor amounts of halogenated products such as FC-122
exit the bottom of the column 4. Reboiler 7 provides
heat input to the column by revaporizing a portion of
mixture 8, which mixture can most advantageously be
recycled to a synthesis reactor. The amount of FC-123
removed from the bottom of the distillation column 4
determines the temperature of the exit stream at a given
operating pressure. Consequently sufficient FC-123 can
be withdrawn from the bottom of the distillation col-
umn to maintain a preferred column temperature range.

EXAMPLES

In the following illustrative examples, all values for
the compounds are in moles, temperatures are in Cel-
sius. The data were obtained by calculation using mea-
sured and calculated thermodynamic properties. The
numbers at the top of the columns refer to FIG. 1.

EXAMPLES 1 AND 2

The effect of the addition of more FC-123 to the
distillation feed when the HF/FC-123 molar ratio ex-
ceeds 1.3/1 is shown in Table 1 for Example 1 and
Table 2 for Example 2. In Example 1, the initial molar
ratio of HF/FC-123 is 3.13/1 and is adjusted to 1.14/1
by FC-123 addition. In Example 2, the initial molar ratio
of HF/FC-123 is 2.08/1 and is adjusted to 0.83/1 by
FC-123 addition. Examination of the results show that
at a bottoms temperature of about 200° C. all of the HF
is removed in the top products and the tetrachloroethyl-
ene, that is removed from the bottom of the column, is
free of HF and can be recycled to the reactor.

TABLE 1
1 2 6 8
Feed Addtl. Top Bottom
Compound Mixture FC-123 Products  Products
TCE* 12.84 0.00 12.84
HF 53.76 53.76 0.00
FC-122 0.29 0.00 0.29
FC-123 17.16 30.02 43.20 3.99
FC-124 2.55 2.55 0.00
FC-125 0.13 0.13 0.00
HCI 13.27 13.27 0.00
Temp °C. 115 115 103 206
Press. MPa 1.89 1.89 1.89 1.89
*Tetrachloroethylene
TABLE 2
1 2 6 8
Feed Addtl. Top Bottom
Compound Mixture FC-123 Products  Products
TCE 15.67 0.00 15.67
HF 43.57 43.57 0.00
FC-122 0.36 0.00 0.36
FC-123 20.93 31.42 47.22 5.14
FC-124 3.12 312 0.00
FC-125 0.16 0.16 0.00
HCl 16.19 16.19 0.00
Temp °C. 115 115 105 204
Press. MPa 1.89 1.89 1.89 1.89
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Comparative Examples 1C and 2C

Table 1C for comparative Example 1C and Table 2C
for comparative Example 2C show that if no additional
FC-123 is added to the feed mixtures of Examples 1 and
2 then considerable amounts of HF are found in the
bottom products (8, FIG. 1). In Example IC the
HF/FC-123 molar ratio is 3.13/1 and in Example 2C the
molar ratio of HF/FC-123 is 208/1.

TABLE 1C
1 2 6 8
Feed Addtl. Top Bottom
Compound Mixture FC-123 Products  Products
TCE 12.84 0.00 12.84
HF 53.77 4791 5.86
FC-122 0.29 0.29 0.00
FC-123 17.15 0.00 17.15 0.00
FC-124 2.55 2.55 0.00
FC-125 0.13 0.13 0.00
HCI 13.27 13.27 0.00
Temp °C. 115 108 195
Press. MPa 1.89 1.89 1.89
TABLE 2C
1 2 6 8
Feed Addtl. Top Bottom
Compound Mixture FC-123 Products  Products
TC 15.67 0.00 15.67
HF 43.57 36.40 7.17
FC-122 0.36 0.36 0.00
FC-123 20.93 0.00 20.93 0.00
FC-124 312 312 0.00
FC-125 0.16 0.16 0.00
HCl 16.19 16.19 0.00
Temp *C. 115 9 196
- Press. MPa 1.89 1.89 1.89

EXAMPLES 3 AND 4

The separation by distillation is also effective when
the column pressure is either 0.10 MPa or 3.55 MPa as
is shown in Tables 3 and 4.

TABLE 3 :
1 2 6 8
Feed Addtl. Top Bottom
Compound Mixture FC-123 Products Products
TCE 12.84 0.00 12.84
HF 53.76 53.76 0.00
FC-122 0.29 0.00 0.29
FC-123 17.16 30.02 43.05 4.14
FC-124 2.55 2.55 0.00
FC-125 0.13 0.13 0.00
HCI 13.27 13.27 0.00
Temp °C. 115 115 5 69
Press. MPa 0.10 0.10 0.10 0.10
TABLE 4
1 2 6 8
Feed Addtl. Top Bottom
Compound Mixture FC-123 Products  Products
TCE 12.84 0.00 12.84
HF 53.76 53.76 0.00
FC-122 0.29 0.00 0.29
FC-123 17.16 30.02 4320 3.99
FC-124 2.55 2.55 0.00
FC-125 0.13 0.13 0.00
HCl 13.27 13.27 0.00
Temp *C. 115 115 136 250
Press. MPa 3.58 3.55 3.55 3.55
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EXAMPLE 5

When the ratio of HF/FC-123 exiting the reactor is
less than 1.3/1, i.e. 1.03/1, no additional FC-123 needs
to be added to the column feed to effect separation. This
is shown in Table 5.

TABLE §
1 2 6 8
Feed Addtl. Top Bottom
Compound Mixture FC-123 Products  Products
TCE 20.09 0.00 20.09
HF 27.60 27.60 0.00
FC-122 0.46 0.00 0.46
FC-123 26.88 0.00 19.64 7.24
FC-124 4.00 4.00 0.00
FC-125 0.20 0.20 0.00
HCI 20.77 20.77 0.00
Temp *C. 115 92 201
Press. MPa 1.89 1.89 1.89

What is claimed:

1. An azeotrope consisting essentially of from about
38.9 mole percent to about 42.7 mole percent of 2,2-
dichloro-1,1,1,-trifluoroethane (FC-123) and from about
61.1 mole percent to about 57.3 mole percent of hydro-
gen fluoride (HF), said azeotrope having a boiling point
from about 5° C. at 0.1 MPa pressure to about 150° C. at
4.0 MPa pressure.

2. An azeotrope according to claim 1 consisting es-
sentially of about 42.4 mole percent 2,2-dichloro-1,1,1-
trifluoroethane and about 57.6 mole percent HF.

3. An azeotrope according to claim 1 having a boiling
point of about 122.6° C. at 2.5 MPa pressure.

4. An azeotrope according to claim 1 consisting es-
sentially of about 38.9 mole percent 2,2-dichloro-1,1,1-
trifluoroethane and about 61.1 mole percent HF.

§. An azeotrope according to claim 1 having a boiling
point of about 5° C. at 0.10 MPa. )

6. An azeotrope according to claim 1 consisting es-
sentially of about 42.7 mole percent 2,2-dichloro-1,1,1-
trifluoroethane and about 57.3 mole percent HF.

7. An azeotrope according to claim 1 having a boiling
point of about 150° C. at 4.0 MPa.

8. An azeotrope consisting essentially of from about
76.8 mole percent to about 69.9 mole percent 2-chloro-
1,1,1,2-tetrafluoroethane and from about 23.2 mole per-
cent to about 30.1 mole percent HF, said azeotrope
having a boiling point from about —17° C. at 0.10 MPa
pressure to about 122° C. at 4.0 MPa pressure.

9. An azeotrope according to claim 8 consisting es-
sentially of about 70.6 mole percent 2-chloro-1,1,1,2-tet-
rafluoroethane and about 29.4 mole percent HF.

10. An azeotrope according to claim 8 having a boil-
ing point of about 95.7° C. at 2.5 MPa pressure. )

11. An azeotrope according to claim 8 consisting
essentially of about 76.8 mole percent 2-chloro-1,1,1,2-
tetrafluoroethane and about 23.2 mole percent HF.

12. An azeotrope according to claim 8 having a boil-
ing point of about —17° C. at 0.10 MPa pressure.

13. An azeotrope according to claim 8 consisting
essentially of about 69.9 mole percent 2-chloro-1,1,1,2-
tetrafluoroethane and about 30.1 mole percent HF.

14. An azeotrope according to claim 8 having a boil-
ing point of about 122° C. at 4.0 MPa pressure.

15. A process for the separation of hydrogen fluoride
from an initial mixture which comprises hydrogen fluo-
ride, 2,2-dichloro-1,1,1-trifluoroethane and a material
selected from the group consisting of hydrogen chlo-
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ride, 1,2,2-trichloro-1,1,-difluoroethane,  2-chloro-
1,1,1,2-tetrafluoroethane, pentafluoroethane, tetrachlo-
roethylene and mixtures thereof comprising the steps
of:

(a) controlling the molar ratio of hydrogen fluoride to
2,2-dichloro-1,1,1-trifluoroethane in said initial
mixture by adding 2,2-dichloro-1,1,1-trifluoroe-
thane when the molar ratio of hydrogen fluoride to
2,2-dichloro-1,1,1-triflucroethane is greater than
about 1.3:1, thereby providing said initial mixture
with a molar ratio of hydrogen fluoride to 2,2-
dichloro-1,1,1-trifluoroethane of from 0.8:1 to
1.3:1; .

(b) separating the initial mixture provided in step (a)
by azeotropic distillation in a distillation column
having a temperature of from about 50° C. to 300°
C. and a pressure of from about 0.10 MPa to about
4.0 MPa at the bottom of the column;

(c) removing top products from the distillation col-
umn which contain a portion of the 2,2-dichloro-
1,1,1-trifluoroethane from the initial mixture pro-
vided in step (a) and substantially all of the hydro-
gen fluoride, hydrogen chloride 2-chloro-1,1,1,2-
tetrafluoroethane, and pentafluoroethane present
from the initial mixture provided in step (a) and
which comprise at least one low-boiling azeotrope
selected from the group consisting of azeotropes of
hydrogen fluoride and 2,2-dichloro-1,1,1-tri-
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8
fluoroethane, azeotropes of hydrogen fluoride and
2-chloro-1,1,1,2-tetrafluoroethane, and azeotropes
of hydrogen fluoride and both 2,2-dichloro-1,1,1-
trifluoroethane and 2-chloro-1,1,1,2-tetrafluoroe-
thane; and

(d) removing bottom products from the distillation

column which are substantially free of hydrogen
fluoride and which comprise 2,2-dichloro-1,1,1-tri-
fluoroethane and the 1,2,2-trichloro-1,1-difluoroe-
thane and tetrachloroethylene present from the
initial mixture provided in step (a); wherein suffi-
cient 2,2-dichloro-1,1,1-trifluoroethane is with-
drawn from the bottom of the distillation column
to maintain said temperature and pressure.

16. The process of claim 15 wherein said initial mix-
ture comprises hydrogen fluoride, hydrogen chloride,
2,2-dichloro-1,1,1-trifluoroethane, 2-chloro-1,1,1,2-tet- -
rafluoroethane, tetrachloroethylene present in an efflu-
ent mixture from the preparation of 2,2-dichloro-1,1,1-
trifluoroethane and 2-chloro-1,1,1,2-tetrafluoroethane
by the reaction of tetrachloroethylene with excess hy-
drogen fluoride.

17. The process of claim 16 wherein the temperature
is from 125° C. to0 210° C.

18. The process of claim 16 wherein the pressure of
the column is from 1.5 MPa to 2.5 MPa.

* x % X %
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